Abstract: Based on the relationship between flow and pressure in the flow standard facility, a neural network calculation model is established in this paper considering the influence of parameters like valve opening and pump frequency. Through the flow measurement experiment, the training and testing sample data are obtained, and then the neural network model established is trained and tested. The calculation results show that the neural network model can accurately obtain the instantaneous flow value through the pressure in the pipeline.
Introduction
Flow is the amount of fluid flowing through a certain section, and the demand of accurate measurement of flow widely exists in industry, agriculture, scientific research, foreign trade and people's lives. At present, for all kinds of measuring instruments used in industry, the number of flowmeters account for almost 15% to 30% of the total [1] . With the development of some projects such as the West-to-East natural gas transmission project and the South-to-North water diversion project, the increase of trade settlement at home and abroad, and the need of material balance, energy saving and economic accounting in enterprises, the measurement of flow is becoming more and more important. Especially in the case of increasing energy consumption and industrial automation, the status and role of flow measurement in the national economy is more significant [2] [3].
Flow is a dynamic quantity, related to a variety of different physical properties, and the measurement of dynamic quantities is often complicated. In the actual flow measurement process, the flow is not only influenced by a variety of different physical properties of the fluid, but also may be affected by temperature, pressure, phase and flow pattern [4] [5] , as well as the measurement pipeline valve, power pump and other working conditions. In addition, the performance of flowmeter is closely related to the design structure, parameter range, fluid characteristics and working environment. In order to fully understand the dynamic characteristics of the flowmeter and further improve the design, it is necessary to obtain the technical indicators of the flowmeter, such as the instrument coefficient, repeatability, uncertainty and measurement range, through a large number of real-time experiments, which brings great inconvenience for accurate measurement of flow.
Based on the relationship between flow and pressure in the flow standard facility, a neural network calculation model is established in this paper considering the influence of parameter like valve opening and pump frequency. Through the flow measurement experiment, the training and testing sample data are obtained, then the neural network model established is trained and tested to calculate the instantaneous flow value through the pressure in the pipeline.
Relationship between Flow Rate and Pressure
For the fluid in the measured pipeline, when the working conditions (pump frequency, adjusting valve opening, etc.) are determined, the relationship between pressure and flow in the pipeline is also determined [6] . The flow value can be calculated according to the pressure in the pipeline. In order to study the relationship between pressure and flow in the pipeline, the flow standard facility in the National Institute of Metrology is used as the research object. The sensor measuring the instantaneous flow is a standard flowmeter, and a high-grade pressure sensor is used to measure the internal pressure of the pipeline. The data samples of training and testing neural network model are obtained by the above devices and sensors through a series of experiments.
The flow standard facility is a complete water circulation system, which is mainly composed of water storage tank, water pump, flow meter, regulating valve, bypass, diverter, weighing system and other main equipment [7] , and the schematic diagram is shown in Figure 1 . The water pump is the power source of the facility, which can transfer water from the storage tank to the piping system. The water flows through the flow meter to the pipe outlet, and finally returns to the storage tank. When the facility is in a stable working condition, the relationship between the pressure and the flow at each position is stable [8] . In the flow standard facility, the cross section A and the cross section B are selected in Fig.1 , and Equation (1) can be obtained according to the Bernoulli principle [6] .
where, ρ is the density of water, and g is gravitational acceleration. At the cross section A and the cross section B, H A and H B are the height relative to the liquid level of the storage tank, p A and p B are the pipe pressure, v A and v B are the flow velocities at the cross section A and the cross section B.
A-B ξ is the resistance coefficient corresponding to the v B between the cross section A and the cross section B.
The fluctuation of flow is actually the change of mechanical energy [9] . equation (1) is rewritten as Equation (2).
where l A-B is the length of the pipe between the cross section A and the cross section B, v is flow velocity where the the flowmeter is, and t is time.
According to Equation (2), when the parameters such as v A, v B and A-B ξ are determined, the instantaneous flow rate in the pipeline can be obtained by v, and v is directly related to the pressure in the pipeline. Therefore, the instantaneous flow value can be accurately obtained by measuring the pressure in the pipeline. However, it is very difficult to obtain parameters v A, v B and A-B ξ accurately.
Especially, the parameter A-B ξ need to be calculated based on actual experiments. The values of the above parameters are infuenced by the fluid medium, fluid density, ambient temperature, the opening of the regulating valve in the pipeline and the the pump frequency. And the influence law of the above factors is not clear. Therefore, it is difficult to obtain instantaneous flow by theoretical calculation of pressure in the pipeline.
For the flow standard facility in this paper, in the actual experiment, the liquid is water, and its density and temperature remain unchanged. Therefore, the main parameters affecting the parameters v A, v B and A-B ξ are the opening of the regulating valve in the pipeline and the pump frequency. According to above analysis, the BP neural network model is established in this paper, which takes the opening of the regulating valve, the pump frequency and the pressure in the pipeline as input, and the instantaneous flow in the pipeline as output. The neural network model is used to approximate the relationship between the internal pressure and instantaneous flow, and then the instantaneous flow value is obtained by calculation of the neural network model used the pressure in the pipeline.
Back Propagation Artificial Neural Network Model
For the advantages of strong nonlinear approximation capability, artificial neural network can solve any complicated nonlinear mapping problems, especially Back Propagation (BP) network has the merits of simplicity and maturity [10] . It has been theoretically proved that three layers of neural network could solve arbitrarily complicated nonlinear mapping problems. Beside the theoretical relationship between the pressure and the flow, a neural network model is established and trained by sufficient data obtained by experiments. A three-layer Back Propagation (BP) neural network is establish as the model of the relationship between the pressure and the flow.
From Fig. 2 , the structure of the BP neural network with three inputs and one output is used to establish the pressure-flow model. Inputs include the opening of the regulating valve, the pump frequency and the pressure in the pipeline, and output is the instantaneous flow value. The BP neural network also includes several hidden neurons, and 38 is used through trials that gradually increase the number of hidden neurons from a small number until the decrease of the sum-squared error becomes steady. The tan-sigmoid function is selected as the transfer function of the hidden layer f hid , and the pure-line function is used as the function of output layer f out .The transfer matrix ih V and ho W are determined by training the BP neural network using sufficient experimental data, and the training is to search for appropriate network parameters to minimize the sum-squared error between the network outputs and actual values by using an iteration algorithm.
The convergence rate of the network training depends on the selection of training algorithm. Trainlm is an optimization algorithm, which need a lot of memory. The convergence rate of trainlm is faster and its precision is higher,which make trainlm is default training algorithm in the BP neural network.Trainbfg is a Quasi-Newton algorithm, and its convergence rate is fast.Traincgf is the gradient change algorithm occupied the smallest data storage space. Comparing the convergence rate of three algorithms, the trainlm has the fastest convergence rate, and it is selected for the training of network in this paper. Meantime, the convergence rate is affect by learning rate, number of hidden neurons, and minimum mean square error set as goal error. And considering the different initialization parameters, the training must be carried out many times. The average values of the convergence epochs are taken. Meantime, the convergence rate is affect by learning rate, trainlm has a great advantage in the convergence rate; large learning rate can rate up the convergence for trainlm. If the learning rate is small, the stability of network can be maintained while large learning rate can rate up the convergence but deterioratingthe stability. According to above analysis, 0.01 is selected as the learning rate for training the BP neural network. Photo of experimental equipment is given in Fig.3 . In order to obtain sufficient experimental data, a series of experiments were done. The pressure in the pipeline were measured when the opening of the regulating valve is 50%, 60%, 70%, 80%, 90%, and 100%, respectively, and the pump frequency is 22Hz, 24 Hz, 26Hz, 28Hz,30 Hz, 32Hz, 34Hz, 36Hz, 38Hz, 40Hz, 42Hz, and 44Hz, respectively. And eighty percent of the total experimental data are used as training data samples, and twenty percent of the total experimental data were used as test data sample. In process of training the BP neural network by sufficient experimental data working as training data samples, the neural network converges quickly to the set precision. The results of the neural network in a single training and testing are shown in Fig.4 , and the error are shown in Fig.5 . Considering the different initialization parameters of the neural network model, the training must be carried out many times for different goal error. The minimum mean square error is used as standard to determine whether the training network convergence to the goal error. When the he minimum mean square error of the training network achieve goal error, the network is converged, and training stop. For trained model, testing error is calculated for each experimental data in test sample, so as the mean error. Repeated the training and testing 100 times and set training goal error to 0.0001. Figure 4 The results of the neural network in a single training and testing neural network model has good calculation ability and can accurately obtain the instantaneous flow value through the pressure in the pipeline. Figure 6 Test results of the trained the neural network
Conclusion
In this paper, based on the relationship between flow and pressure in the flow standard facility, a neural network calculation model is established considering the influence valve opening and pump frequency. Through the flow measurement experiment, the training and testing sample data are obtained, and then the neural network model established is trained and tested. The calculation results show that the neural network model can accurately obtain the instantaneous flow value through the pressure in the pipeline. And the method based on pressure to calculate instantaneous flow value presented in this paper is convenient, feasible and has high accuracy.
